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FLEXIBLE CIRCUIT BOARD BASED FORCE
SENSOR

BACKGROUND

1. Technical Field

The present invention relates to an electronic drawing sys-
tem with a flexible circuit board based force sensor included
in an electronic pen for sensing pressures applied against the

pen tip of the electronic pen.
2. Description of Related Art

FIGS. 1A-1B show a prior art.

FIG. 1A shows a traditional electronic drawing system,
including a transparent coordinate panel 11 and an underlaid
display 12. An electronic pen 10 1s electrically coupled to the
coordinate panel 11 and the display 12. When the electric pen
10 draws onto a surface of the coordinate panel 11, the display
12 displays stokes the pen has drawn.

FIG. 1B shows a section view according to line AA'1n FIG.
1A. FIG. 1B shows a coordinate panel 11 for detecting X-Y
coordinates of the position of a point the pen touches. A
display 12 1s configured on bottom of the coordinate panel 11.

FIG. 2 shows a prior art electronic pen.

FIG. 2 shows a pen tip 13, optical sensor 14 for sensing
pressure applied against the pentip 13. A printed circuit board

15 for processing the signal information and transmits to a
display, a batter 16 provides the energy for powering the pen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A~1B show a prior art.

FI1G. 2 shows a prior art electronic pen.

FIG. 3 shows a flexible circuit used in the embodiments
according to the present invention.

FIGS. 4A~4D shows a folding example of the flexible
circuit board according to the present invention.

FIG. 5 shows a first embodiment according to the present
ivention.

FIG. 6 shows a second embodiment according to the
present invention.

FIG. 7 shows a third embodiment according to the present
invention.

FIG. 8 shows a fourth embodiment according to the present
invention.

FIGS. 9A~9B show a fifth embodiment according to the
present invention.

FI1G. 10 shows a fifth embodiment according to the present
invention.

FI1G. 11 shows a sixth embodiment according to the present
invention.

FIG. 12 shows a seventh embodiment according to the
present invention.

FIG. 13 shows an eighth embodiment according to the
present invention.

FIG. 14 shows a function block according to the present
invention.

FIGS. 15A~15C show a stroke drawn by the pen tip of an
clectronic pen according to the present invention.

FIG. 16 shows a flexible circuit board based force sensor
according to the present invention.

FI1G. 17 shows a first embodiment of a flexible circuit board
based force sensor according to the present mnvention.

FIG. 18 shows a second embodiment of a flexible circuit
board based force sensor according to the present invention.

FIG. 19 shows a third embodiment of a flexible circuit
board based force sensor according to the present invention.
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FIGS. 20A~20B show a fourth embodiment of a flexible
circuit board based force sensor according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses a flexible circuit board
based force sensor and several embodiments to incorporate
the sensor 1n an electronic pen mechanism.

FIG. 3 shows a flexible circuit used 1n the embodiments
according to the present invention.

FIG. 3 shows a flexible circuit board 21 where a top metal
pad 22T and a bottom metal pad 22B are configured thereon.
A first terminal metal pad 221 1s configured electrically
coupled to the bottom metal pad 22B and a second terminal
metal pad 222 1s configured electrically coupled to the top

metal pad 22T.

FIGS. 4A-4D shows a folding example of the flexible
circuit board according to the present invention.

FIG. 4A shows the flexible circuit board 1s prepared before
folding.

FIG. 4B shows a first fold 1s made on top portion of the
circuit board 21.

FIG. 4C shows a second 1old 1s further made on top portion
of the circuit board 21.

FIG. 4D shows a third fold 1s further made on top portion of
the circuit board 21. A first fold 1s made on lower portion of
the circuit board 21 to leave the top metal pad 22T on top and
facing down, and leave the bottom metal pad 22B on bottom
and facing up and aligned with the top metal pad 22T.

FIG. 5 shows a first embodiment according to the present
invention.

An electronic pen having a flexible circuit board based
force sensor 1s disclosed. The electronic pen has a pen tip 23;
a tip base 24 1s configured on bottom of the pen tip 23; a
flexible circuit board 21 has a first metal pad 22T and a second
metal pad 22B; the tlexible circuit board 21 1s bent so that the
first metal pad 22T 1s configured as a top metal pad 22T and
the second metal pad 22B 1s configured as a bottom metal pad
22B facing the top metal pad 22T. A holding block 29 1s fixed
on the tube wall of the pen. The holding block 29 1s configured
under the bottom metal pad 22B. The top metal pad 22T 1s
configured below the tip base 24 so that when a force is
applied against the pen tip 23, the force shall transmit to the
tip base 24. A force sensitive material 281 1s configured
between the top metal pad 22T and the bottom metal pad 22B.
When a force 1s applied against the pen tip 23, the force
transmiuits to the tip base 24 and hence when the force sensitive
material 281 1s compressed, a corresponding force signal 1s
generated at terminal metal pads 221, 222; wherein the force
signal 1s positively related to an amount of the force applied
against the pen tip 23; and wherein the force sensitive material
281 1s selected from a group consisting ol piezoresistive
material and piezocapacitive material.

The force single generated from the terminal metal pads
221,222 1s electrically coupled to a control system 33. A
coordinate panel 11 configured to detect an X-Y position
where the electronic pen touches 1s electrically coupled to the
control system 33. The control system 33 1s electrically
coupled to a display 12.

FIG. 6 shows a second embodiment according to the
present 1nvention.

FIG. 6 shows a modified version of the first embodiment. A
gap 223 1s configured between the bottom metal pad 22B and
the force sensitive material 282. A compressible spacer 224 1s
configured for maintaiming the gap 223 belfore a pressure 1s
applied against the pen tip 23.
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FIG. 7 shows a third embodiment according to the present
invention.

FI1G. 7 shows a modified version of the first embodiment. A
gap 223 1s configured between the top metal pad 22T and the
force sensitive material 283. A compressible spacer 224 1s
configured for maintaining the gap 223 before a pressure 1s
applied against the pen tip 23.

FI1G. 8 shows a fourth embodiment according to the present
ivention.

FIG. 8 shows a modified version of the first embodiment.
Theforce sensitive material 283 1s separated 1nto a top section
28T and a bottom section 28B; and a gap 223 1s configured
between the top section 28T and the bottom section 28B. A
compressible spacer 224 1s configured for maintaining the
gap 223 belore a pressure 1s applied against the pen tip 23.

FIGS. 9A~9B show a fifth embodiment according to the
present invention.

FI1G. 9A shows a flexible circuit board 21, thereon a pair of
circuit 1s presented, a coplanar first metal pad 311 and second
metal pad 312 1s configured on top. A pair of terminal metal
pads 311, 312 is configured on bottom.

FIG. 9B shows an electronic pen using the flexible circuit
board 21. The electronic pen has a pen tip 23. A tip base 24 1s
configured on bottom of the pen tip 23. A flexible circuit
board 21 having a coplanar first metal pad 22T and second
metal pad 22B 1s configured under the tip base 24. The flex-
ible circuit board 21 1s bent so that the pair of coplanar first
metal pad 311 and second metal pad 312 1s configured under
the tip base 24. A force sensitive material 28 1s configured on
bottom of the tip base 24 and 1s configured on top of the
coplanar first metal pad 311 and second metal pad 312.

A holding block 29 1s fixed on the tube wall of the pen. The
holding block 29 1s configured under the coplanar first metal
pad 311 and the second metal pad 312. When a force 1s
applied against the pen tip 23, the force transmits to the tip
base 24 and hence when the force sensitive material 28 1s
compressed, a corresponding force signal 1s generated at ter-
minal metal pads 321, 322; wherein the force signal 1s posi-
tively related to an amount of the force applied against the pen
t1p 23; and wherein the force sensitive material 281 1s selected
from a group consisting of piezoresistive material and piezo-
capacitive material.

The force single generated from the terminal metal pads
321,322 1s electrically coupled to a control system 33. A
coordinate panel 11 configured to detect an X-Y position
where the electronic pen touches 1s electrically coupled to the
control system 33. The control system 33 1s electrically
coupled to a display 12.

FI1G. 10 shows a fifth embodiment according to the present
invention.

FIG. 10 shows an electronic pen which has a pen tip 23. A
tip base 24 1s configured on bottom of the pen tip 23. A
conductive block 24B 1s configured on bottom of the tip base
24. A flexible circuit board 21 has a first metal pad 22T and a
second metal pad 22B. The flexible circuit board 21 1s bent so
that the first metal pad 22T 1s electrically coupled to the
conductive block 24B at the side. The conductive block 1s
configured as a top metal pad 24B and the second metal pad
22B 1s configured as a bottom metal pad 22B facing the top
metal pad 24B. A force sensitive material 28 1s configured
between the top metal pad 24B and the bottom metal pad 22B.

A holding block 29 1s fixed on the tube wall of the pen. The
holding block 29 1s configured under the bottom metal pad
22B. A force sensitive material 281 1s configured between the
top metal pad 24B and the bottom metal pad 22B. When a
torce 1s applied against the pen tip 23, a corresponding force
signal 1s generated; wherein the force signal i1s positively
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4

related to an amount of the force applied against the pen tip.
When a force 1s applied against the pen tip 23, the force
transmuits to the tip base 24 and the conductive block 24B, and
hence when the force sensitive material 28 1s compressed, a
corresponding force signal i1s generated at terminal metal
pads 221, 222. The force sensitive material 28 1s selected from
a group consisting of piezoresistive material and piezocapaci-
tive materal.

The force single generated from the terminal metal pads
221,222 1s electrically coupled to a control system 33. A
coordinate panel 11 configured to detect an X-Y position
where the electronic pen touches 1s electrically coupled to the
control system 33. The control system 33 is electrically
coupled to a display 12.

FIG. 11 shows a sixth embodiment according to the present
invention.

FIG. 11 shows a modified version of the fitth embodiment.
A gap 223 i1s configured between the bottom metal pad 22B
and the force sensitive material 28. A compressible spacer
224 1s configured for maintaining the gap 223 open belore a
pressure 1s applied against the pen tip 23.

FIG. 12 shows a seventh embodiment according to the
present invention.

FIG. 12 shows a modified version of the fifth embodiment.
A gap 223 1s configured between the conductive block 24B
and the force sensitive material 28. A compressible spacer
224 1s configured for maintaining the gap 223 open before a
pressure 1s applied against the pen tip 23.

FIG. 13 shows an eighth embodiment according to the
present invention.

FIG. 13 shows a modified version of the fiftth embodiment.
The force sensitive material 1s separated into a top section
281 and a bottom section 28B. A gap 223 1s configured
between the top section 28T and the bottom section 28B. A
compressible spacer 224 1s configured for maintaining the
gap 223 open belore a pressure 1s applied against the pen tip
23.

FIG. 14 shows a function block according to the present
ivention.

A pressure sensor 31 of an electronic pen generates a
pressure signal. The pressure signal transmits to a control
system 33. A coordinate panel 11 1s electrically coupled to the
control system 33 to detect X-Y coordinate of a point where
the pen tip of the electronic pen touches. The control system
33 i1s electrically coupled to a display 12. The display 12 1s
used to display an image the electronic pen has drawn.

FIGS. 15A~15C show a stroke drawn by the pen tip of an
clectronic pen according to the present invention.

FIG. 15A shows a thin line P1 has been displayed on the
screen when a user applies a relatively light force with the
clectronic pen sliding on top of the coordinate panel 11.

FIG. 15B shows a thick line P2 has been drawn when a user
applies a relatively heavy force with the electronic pen sliding
on top of the coordinate panel 11.

FIG. 15C shows a thin to thick line P3 has been drawn
when a user applies a gradually increasing force with the
clectronic pen sliding on top of the coordinate panel 11.

FIG. 16 shows a tlexible circuit board based force sensor
according to the present invention.

FIG. 16 shows a flexible circuit board which has a first
metal pad 22T and a second metal pad 22B. The flexible
circuit board 1s bent so that the first metal pad 22T 1s config-
ured as a top metal pad 22T and the second metal pad 22B 1s
configured as a bottom metal pad 22B facing the top metal
pad 227T. A force sensitive material 281 1s configured between
the top metal pad 22T and the bottom metal pad 22B. The top
metal pad 22T, force sensitive material 281 and the bottom
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metal pad 22B form a force sensor. The tlexible circuit board
has a first terminal pad electrically coupled to the first metal
pad 22T, and has a second terminal pad electrically coupled to
the second metal pad 22B. When a force 1s applied against the
force sensor, a corresponding force signal 1s generated;
wherein the force signal 1s positively related to an amount of
the force applied against the force sensor. The force sensitive
material 281 1s selected from a group consisting of piezore-
s1stive material and piezocapacitive material.

The force single generated from the terminal metal pads
221,222 1s electrically coupled to a control system 33. A
coordinate panel 11 configured to detect an X-Y position
where the electronic pen touches 1s electrically coupled to the
control system 33. The control system 33 i1s electrically
coupled to a display 12.

FI1G. 17 shows a first embodiment of a tlexible circuit board
based force sensor according to the present mvention.

FI1G. 17 shows a modified version to the first embodiment
of a flexible circuit board. FI1G. 17 shows a gap 223 15 con-
figured between the top metal pad 22T and the force sensitive
material 281. A compressible spacer 224 1s configured for
maintaining the gap 223 open belfore a pressure 1s applied
against the force sensor.

FIG. 18 shows a second embodiment of a flexible circuit
board based force sensor according to the present invention.

FIG. 18 shows a modified version to the first embodiment
of a flexible circuit board. FIG. 18 shows a gap 223 1s con-
figured between the bottom metal pad 22B and the force
sensitive material 281. A compressible spacer 224 1s config-
ured for maintaining the gap 223 open before a pressure 1s
applied against the force sensor.

FIG. 19 shows a third embodiment of a flexible circuit
board based force sensor according to the present invention.

FI1G. 19 shows a modified version to the first embodiment
of a flexible circuit board. FIG. 19 shows the force sensitive
material 1s separated into a top section 281 and a bottom
section 28B. A gap 223 1s configured between the top section
28T and the bottom section 28B. A compressible spacer 224
1s configured for maintaining the gap 223 open belfore a
pressure 1s applied against the force sensor.

FIGS. 20A~20B show a fourth embodiment of a flexible
circuit board based force sensor according to the present
invention.

FIG. 20A shows a flexible circuit board 21, thereon a pair
of circuit 1s presented, a coplanar first metal pad 311 and
second metal pad 312 1s configured on top. A pair of terminal
metal pads 311, 312 is configured on bottom.

FI1G. 20B shows the tlexible circuit board 21 1s bent so that
the first metal pad 22T and second metal pad 22B 1s coplanar.

A Torce sensitive material 28 1s configured on top of the
coplanar metal pad 311, 312. When a force 1s applied against
the force sensor, the force sensitive material 28 1s com-
pressed, a corresponding force signal 1s generated at terminal
metal pads 321, 322; wherein the force signal 1s positively
related to an amount of the force applied against the force
sensor. The force sensitive material 28 1s selected from a
group consisting of piezoresistive material and piezocapaci-
tive material.

The force single generated from the terminal metal pads
321,322 1s electrically coupled to a control system 33. A
coordinate panel 11 configured to detect an X-Y position
where the electronic pen touches 1s electrically coupled to the
control system 33. The control system 33 1s electrically
coupled to a display 12.

While several embodiments have been described by way of
example, 1t will be apparent to those skilled 1n the art that
various modifications may be configured without departs
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from the spirit of the present invention. Such modifications
are all within the scope of the present invention, as defined by
the appended claims.

What 1s claimed 1s:

1. An electronic drawing system, comprising:

an electronic pen comprising:

a pen tp;

a tip base, configured on bottom of the pen tip;

a flexible circuit board, having a first metal pad and a
second metal pad; the flexible circuit board 1s bent so
that the first metal pad 1s configured as a top metal pad
and the second metal pad 1s configured as a bottom metal
pad facing the top metal pad; wherein the top metal pad
1s configured below the tip base;

a force sensitive material, configured between the top
metal pad and the bottom metal pad; when a force 1s
applied against the pen tip, the force sensitive material 1s
compressed, a corresponding force signal 1s generated;
wherein the force signal 1s positively related to an
amount of the force applied against the pen tip; and
wherein the force sensitive material 1s selected from a
group consisting of piezoresistive material and piezoca-
pacitive material.

2. An electronic drawing system as claimed in claim 1,

turther comprising:

a display;

a point displayed on the display corresponding to the force
applied against the pen tip; and

the size of the point 1s positively related to the amount of
the force applied against the pen tip.

3. An electronic drawing system as claimed in claim 1,

turther comprising:

a control system;

the force signal, electrically coupled to the control system;
and

a coordinate panel, configured on top of the display; elec-
trically coupled to the control system to detect an X-Y
position where the electronic pen touches.

4. An electronic drawing system as claimed in claim 1,

turther comprising:

a gap, configured between the top metal pad and the force
sensitive material.

5. An electronic drawing system as claimed 1n claim 1,

further comprising:

a gap, configured between the bottom metal pad and the
force sensitive matenal.

6. An clectronic drawing system as claimed 1n claim 1,
wherein the force sensitive matenal 1s separated into a top
section and a bottom section; and

a gap, configured between the top section and the bottom
section.

7. An electronic drawing system, comprising;:

an electronic pen comprising:

a pen tip;

a t1ip base, configured on bottom of the pen tip;

a flexible circuit board, having coplanar first metal pad and
second metal pad;

a force sensitive material, configured between the tip base
and the coplanar first metal pad and second metal pad,;
when a force 1s applied against the pen tip, the force
sensitive material 1s compressed, a corresponding force
signal 1s generated; wherein the force signal 1s positively
related to an amount of the force applied against the pen
tip; and wherein the force sensitive material 1s selected
from a group consisting of piezoresistive material and
piezocapacitive material.
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8. An electronic drawing system, comprising:
an electronic pen comprising;:
a pen tp;
a tip base, configured on a bottom of the pen tip;
a conductive block, configured on a bottom of the tip base;
a flexible circuit board, having a first metal pad and a
second metal pad; the flexible circuit board 1s bent so
that the first metal pad 1s electrically coupled to the
conductive block so that the conductive block 1s config-
ured as a top metal pad and the second metal pad 1s
configured as a bottom metal pad facing the top metal
pad; and
a force sensitive matenial, configured between the top
metal pad and the bottom metal pad; when a force 1s
applied against the pen tip, a corresponding force signal
1s generated; wherein the force signal 1s positively
related to an amount of the force applied against the pen
tip; and wherein the force sensitive material 1s selected
from a group consisting of piezoresistive material and
piezocapacitive material.
9. An electronic drawing system as claimed in claim 8,
turther comprising;:
a display;
a point, corresponding to the force applied against the pen
tip, displayed on the display; and
the si1ze of the point 1s positively related to the amount of
the force applied against the pen tip.
10. An electronic drawing system as claimed 1n claim 8,
turther comprising:
a control system:;
the force signal, electrically coupled to the control system:;
and
a coordinate panel, configured on top of the display; elec-
trically coupled to the control system to detect an X-Y
position where the electronic pen touches.
11. An electronic drawing system as claimed 1n claim 8,
turther comprising;:
a gap, configured between the conductive block and the
force sensitive matenal.
12. An electronic drawing system as claimed 1n claim 8,
turther comprising:
a gap, configured between the bottom metal pad and the
force sensitive material.
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13. An electronic drawing system as claimed 1n claim 8,
wherein the force sensitive maternial 1s separated into a top
section and a bottom section; and

a gap, configured between the top section and the bottom

section.

14. A flexible circuit board based force sensor, comprising:

a flexible circuit board, having a first metal pad and a
second metal pad; the flexible circuit board 1s bent so
that the first metal pad 1s configured as a top metal pad
and the second metal pad 1s configured as a bottom metal
pad facing the top metal pad; and

a force sensitive material, configured between the top

metal pad and the bottom metal pad; when a force 1s
applied against the force sensor, a corresponding force
signal 1s generated;

wherein the force signal 1s positively related to an amount

of the force applied against the force sensor; wherein the
force sensitive maternal 1s selected from a group consist-
ing ol piezoresistive material and piezocapacitive mate-
rial.

15. A flexible circuit board based force sensor as claimed in
claim 14, further comprising:

a gap, configured between the top metal pad and the force

sensitive material.

16. A flexible circuit board based force sensor as claimed 1in
claim 14, further comprising:

a gap, configured between the bottom metal pad and the

force sensitive matenal.

17. A flexible circuit board based force sensor as claimed 1n
claim 14, wherein the force sensitive material 1s separated
into a top section and a bottom section; and

a gap, configured between the top section and the bottom

section.

18. A tlexible circuit board based force sensor, comprising:

a flexible circuit board, having a first metal pad and a

second metal pad configured side by side; and

a force sensitive material, configured on top of the first

metal pad and the second metal pad; when a force 1s
applied against the force sensor, a corresponding force
signal 1s generated; wherein the force signal 1s positively
related to an amount of the force applied against the
force sensor.
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